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Production of gravitational vacuum defects and their contribution to the energy density of our 
Universe are discussed. These topological microstructures (defects) could be produced in the result 
of creation of the Universe from "nothing" when a gravitational vacuum condensate has appeared. 
They must be isotropically distributed over the isotropic expanding Universe. After Universe infla- 
tion these microdefects are smoothed, stretched and broken up. A part of them could survive and 
now they are perceived as the structures of A-term and an unclustered dark matter. It is shown that 
O I the parametrization noninvariance of the Wheeler-De Witt equation can be used to describe phe- 

, nomenologically vacuum topological defects of different dimensions (worm-holes, micromembranes, 

[ ] ' microstrings and monopoles). The mathematical illustration of these processes may be the sponta- 

neous breaking of the local Lorentz-invariance of the quasi-classical equations of gravity. Probably 
the gravitational vacuum condensate has fixed time in our Universe. Besides, 3-dimensional topo- 
logical defects renormalize A-term. 
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I. INTRODUCTION 

> 

' Today again we have a new cosmological paradigm. Cosmological acceleration of the Universe may be explained 
I by a metastable vacuum state in which our Universe is foundpa]. This metastable vacuum state is probably a state of 
. string landscape. The progress in string theory 0,0 led to the discovery of a huge quantity of vacuum solutions which 
' were called string landscape (testing of string theory with CMB can find in the article [4'|). Research of these ideas 
combined with ideas of eternal inflation ^5], 6] have resulted the development of the idea of inflationary multiverseQ. 
' Therefore our Universe may be one realization of eternaly inflationary multiverse. 
OO ', The vacuum of our Universe has also a complex structure [sj and it consists of some subsystems but here we shall 
■ discuss only the gravitation vacuum subsystem. Cosmology of gravitational vacuum has not been practically discussed 
^ ] elsewhere although the influence of gravity on vacuum has been considered^. On the other hand cosmology of other 
vacua is often discussed in the context of the A-term problem{l3|. Note, that probably dark energy, cosmological 
constant, A-term and vacuum energy are the same notion. We are going to consider a gravitational vacuum condensate 
which might been produced in the result of creation of the Universe from "nothing" (this gravitational vacuum 
condensate is a gravitational vacuum by definition of quantum vacua) . 

Gravity plays the central role among the fundamental interactions determining the spacetimc structure and it it is 
an arena of physical reality The question is to find the internal structure of gravitational vacuum starting from 
the quantum regime. The quantum regime of gravity has not been satisfactory explained although some analysis of 
the problem has been undertaken[l2|, of course. Besides, there is some analogy between the known vacuum structures 
and a hypothetical structure of the gravitational vacuum (it is known that condensates of the quark-gluon type consist 
of topological structures - instantons). 

The general representation of topological defects can be classified as: 1) 3-dimensional topological structures {D = 3) 
-worm holes; 2) 2-dimensional topological structures (D = 2) -membranes; 3) 1-dimensional topological structures 
{D — 1) -strings; 4) point defects (singularities) {D = 0) - gas of topological monopoles. The full theory of vacuum 
defects is absent although we understand that the presence of defects breaks the symmetry of a system. The difficult 
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question is to know that type of symmetry breaking the quantum theory of gravity gives rise the presence of the 
topological defects of the gravitational vacuum. Here it is necessary to include the experience of vacuum physics. 

From a general point of view we may assume that strong fluctuations of topology might take place at the Planck scale. 
Probably there might also exist some stable structures averaged characteristics of which have been constant or slowly 
changing in time. Besides, we must take into account that among possible parametrization-noninvariant potentials 
of the Wheeler-DeWitt equation there are ones topological properties of which may be used for the macroscopic 
description of a gas of topological defects (worm-holes, micromembranes, microstrings and monopoles). This allows 
us to suggest a hypothesis on which the future theory of quantum gravity may be solved considering the combination of 
the problem of quantum topological structures and the problem of the parametrization-noninvariance of the Wheeler- 
DeWitt equation. In the frame of this hypothesis based on mathematical observations and analogies we suggest the 
mathematical apparatus of systematic modelling of the minisuperspace metric and the effective potential permitting 
us to choose structures which are interest from the cosmological point of view. 

For example, we would like to discuss energy-momentum characteristics of the gravitational vacuum which depend 
on the radius of a closed Universe. Our arguments are only heuristic: 

1. This is the simplest mathematical model; 

2. Our model is agreed with the general property of the Wheeler-DeWitt equation for a closed isotropic Universe. 
It is known that the gauge invariance of classical theory of gravity has an additional aspect - the parametrizational 
invariance of the regarding choice of variables on which the gauge conditions are set. In the classical theory a 
parametrization and a gauge is a single operation and the division of it on separate steps is conditional. In the 
quantum geometrodynamics (QGD) the situation is different - the basic equations of QGD are gauge invariant but 
the parametrization is gauge noninvariant [13,]. Physical consequences of the parametrizational noninvariance are not 
general. Some authors[14j have suggested to reject this problem and to fix the choice of gauge variables by some 
definite way; 

3. After introduction in cosmology of the quintessence scenario it has been conjectured that a gravitation vacuum 
condensate may be considered as a possible factor of the breaking of the local vacuum Lorentz-invariance. 

Of course, the grav itational vacuum condensate (as well as its structures) might appear after the first relativistic 
phase transition[i^ but in this article we remain in the frame of Wheeler-DeWitt approach and assume that the 
phase transitions are absent. 

Here it is necessary to stress the following important point related to the notion of time. As it is known time is one of the 
coordinates describing a distorted 4-dim Riemann manifold. Appearance of time after production of the gravitational 
vacuum condensate fixes the nonconservation of the vacuum symmetry regarding space-time transformations of the 
Einstein's theory. Generally speaking the nature of the full vacuum energy dependence from time is unknown and the 
mathematical description of it has a character of discussion. Models of quintessence appeal mainly to classical (e.g. 
scalar) fields. We shall show that in the quasi-classical approach the quintessence can be mimicked by mathematical 
structures arising naturally from the Wheeler-DeWitt 's quantum geometrodynamics. Under the full vacuum energy 
of the Universe S1a=0.7 we understand a "sum" of all vacuum condensates which have been produced after the 
relativistic phase transitions during early Universe evolution. These vacuum condensates might probably compensate 
the initial vacuum energy J^a = 1 if the Universe has been born from "nothing". But this quintessence period of the 
Universe evolution was not long. It continues less than one second p7|. 

II. BASIC STATEMENTS 

The Universe creation is probably a quantum geometrodynamical transition from "nothing" (the state of "nothing" 
has geometry of zero volume (a=0)) in the state of a closed 3-space of small sizes having some particles and fields. 
This means that the closed isotropic Universe has been created through tunnelling process[ll| with a metric: 

ds^ =N'^dt^ -a^{t)df (1) 



d/2 ^ sin^p{dQ^ -I- sin^Od^^) (2) 

here N — y^goo is a gauge variable which is necessary to fix before the solution of Einstein's equations; and 
= diag{e, —p, —p, —p) is an energy-momentum tensor(TEM). We have restricted our consideration by only 3-space 
although a geometrodynamical transition in the state of a closed space of large dimensions might also be possible. As 
it is known in the modern epoch the vacuum energy (which is a dominant component of the Universe) has overcome 
the curvature and now the Universe accelerates Ha ~ 0.7; Jim ~ 0.3 and there is not contradiction that the Universe 
has been born close to = 1. Besides, the vacuum energy (if it was positive) was decreasing by jumps due to 
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negative contributions during the relativistic phase transitions fis'l. On the first stage we would hke to work with the 
classical theory in which energy-carriers are described by the hydrodynamical TEM which is locally Lorentz-invariant 
(generally covariant) and which has the standard A-term. For a closed Universe Einstein's equations are: 

<-^^ = 3(-^ + ^) = ac(e + Ao) (3) 

fir 1 r>^a \ 1] rJr/ .X /.X 

- -jR - [^(2- - 2^ + ^) + ^] = + Ao) (4) 

-R ^ 6[^(^ - ^ + J) + ^ ae(. ~3p + 4Ao) (5) 



Note that the equation (5) is the sum of eqs.(3) and (4). Here they have been written for completeness. In the 
isotropic Universe with metric (1) and the mentioned TEM when the Bianchi identity has taken into account the next 
equation is obtained: 

(ea^)--[{e~3p)a^]^0 (6) 
a 

Assuming that e ~ e(a), ?=?(&) we have from eq.(6): 

.i<'}-'M-^ (7) 

If eq. (7) is taken into account then the components of TEM are: 

r° = 6(a) 

Tt = Sneia) + ^-^] (8) 

These expressions are more controversial in the case of TEM of a gravitational vacuum. In this case a hydrody- 
namical velocity can not be used. Equations (8) may be combined in the noncovariant expression only when: 

T;(GyC) = S;eGvc{a) + ~ S^S^o)^^^^^ (9) 

This expression is not local Lorentz-invariant (here GVC is a gravitational vacuum condensate). Taking the position 
of the gravitational vacuum condensate which is connected with parametrizational noninvariant of the Wheeler-DeWitt 
equation the special status of the time index should be understood. In the nonstationary Universe with noninvariant 
quantum geometrodynamics with respect to conform transformations of time the symmetry between space and time 
is broken. Of course, the problem is in the parametrizational noninvariance of the Wheeler-DeWitt equation = 0. 
Probably existence of this problem indicates that quantum geomerodynamics of the Wheeler-DeWitt can not pretend 
to the role of the full theory of quantum gravity. 

Now we would like to come back to discussion of equations of the model. Equation (3) is left without change. In 
equation (4) the factor 6f is cancelled and the relation (7) is used. Same is done with equation (5). Then we have 
the next set: 

3(T^^ + ^)-a5[e,(a)+Ao] (10) 



1 , d Nd a? ^ 1 r , N adeJa) , , , ^ 
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Here we had introduced the quantum index (s) which numerates matter and vacuum quantum states. The simple 
algebraic transformations of equations (11-12) bring to the next equation: 

-2 2- -2- )- = [e,{a+a^^+Ao] 13 

N'^ a Na 3 da 

which is one of motion in an isotropic Universe (equation (10) is one of coupling). Equation (13) can be brought in 
the form of total derivative on time of some quantity equal to zero: 

Integrating equation (14) and assuming that the constant of integration is zero it is easy to see that equation (10) 
is an identity coinciding with the result of integration of equation (14). But the first stage is not finished yet. The 
quantum theory of a closed Universe -quantum geometrodynamics:_19lJ is based on the Wheeler idea of a superspace. 
This idea includes the manifold of all possible geometries of 3-space, matter and field configurations where the Universe 
wave function is defined. Before quantization of the classical theory it is necessary to impart the form of Lagrange and 
Hamilton theory with couplings. We are able to quantize only a Hamilton theory but the construction of a Hamilton 
theory precedes the construction of a Lagrange one. 

Evidently that two variables must be presented in Lagrange formulation of the theory: the dynamical variable a(t) 
relating to an equation of motion and some Lagrange multiplier A = X{t) relating to a coupling equation. From an 
infinite number of possibilities of inserting of a Lagrange multiplier we have chosen a particular variant related with 
quantum geometrodynamics. In quantum geometrodynamics a problem arises which has not the classical analogy: 
it is necessary to formulate the procedure of operators ordering on a generalized momentum and a coordinate. It is 
assumed that the procedure of ordering must be based on the covariance principle of the Wheeler-DeWitt equation 
in the Wheeler superspace whose metric is 7(a). 

The explicit form of function 7(a) is not fixed but this conception allows us to understand in which terms the 
problem of the parametrizational invariance is formulated. The above mentioned program can be carried out only 
when: TV — where A is the Lagrange multiplier, 7(a) is the metric of a superspace. Then we have: 

^^^^ 
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2- -2— + 2- 3— - — = - 



Aa 



7a 



es(a) 



da 



Ao 



(16) 



The mathematically equivalent equations can be obtained from the variational principle determined by some effective 
action. The gravitational part of this action is the known expression for an isotropic Universe: 



Sg = j i^—R + AojV^d'x (17) 

Some standard operations have to be performed with this expression: transformation of this expression to the 
quadratic form with respect to the generalized velocity a by excluding the total derivative; integration over the volume 
of the closed Universe V = 2Tr^a^; insertion of time parametrization. The effective action of matter and radiation 
is added to the received result using Rubakov-Lapchinsky prescription [20|. This prescription is enough simple: the 
energy density of matter es{a) depending on radius of the Universe as well as the A-term have the mathematical 
status of an effective potential energy. Therefore, in order to obtain the right expression it is necessary to replace Aq 
on Aq + es(a)- The final expression for the effective action is: 



, A} = J L^{a, X)dt, 
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L(a,A) = ^(a)a2-A— Y (18) 

where 

[/•(a) = a - 2Tr'^a^[es{a) + Aq] 

36 

is the total effective potential energy accounting for topology of the closed Universe, the standard A-term and the 
matter. The variation of action with respect to X{t) gives: 

which is equivalent to the coupling equation. The variation with respect to the dynamical variable a{t) gives the 
Lagrange equation: 



6Sj{a,X} d dL^{a,X) ^ dL^{a,X) 
Sa dt da da 

After some transformations of this equation we have: 



= (20) 



d dL,ia, X) _ dLjja, X) ^ \ ^1 Ud + 2^^ - 2^ - 3^] - a - ^(e.(a) + a^ + Ap) + jl = (21) 

dt oa da serf \X^ \ 'y X a I 3 da I 

where 

, 2'k'^X dln(a-^^(a)) /Si^a^ „ n a, , ^ . n 

These equations give the set of equations of the Lagrange model. Of course, these equations must be considered in a 

combination. It is not difficult to sec that for ,/ = the last equation is mathematically equivalent to the combination 
of the Einstein's equations discussed before. Thus we have proved that this model gives us the Lagrange method of 
the description of an isotropic Universe, energy- carriers of which are described by the functions of the scale factor 
es(a), Ps{a). In the classical theory this result has only methodical character. However, wc want to transfer these 
ideas to the quantum gcomctrodynamics where the Hamilton formulation is necessary. The Hamilton model can be 
built on the basis of a Lagrange model. Note that introduction of the function 7(a) is the operation of parametrization. 
The index 7 shows that the action and the Lagrangian correspond to a definite parametrization. The Hamiltonian of 
our set is built by the standard procedure: 

H^s = (22) 



H = Pa- L = X{^^-P^ +aU{a)) (23) 
247r 7 

where P = ^ = ^^^^d is a generalized momentum. Note that the Wheeler-DeWitt theory also has 

oa ac a ^ 

the parametrization problems. The commutation problem implies that the operator p is not uniquely defined: 
p = —ifi'-§^ + /(a) where f(a) is an arbitrary function. The second problem is the ordering of operators in the 
Hamiltonian (this is significant for any nontrivial function 7(a)). The partial solution of these problems is pro- 
posed in the frame of hypothesis of covariant differentiation in a curved space. According to this hypothesis the 
Wheeler-DeWitt equation has the form: 
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^ ' +-[ a2-27r2a''(e,(a)+Ao)]$,(a) =0 (24) 



247r2 y/j da da 7 ae 

and the wave function of the Universe satisfies the condition: 



V^da<I>:(a)$:,(a) = 5(,s-s) (25) 







where S{s — s ) is the delta function depending on the particular properties of the solutions of the Wheeler-DeWitt 
equation. Unfortunately the hypothesis of covariant differentiation does not solve completely the parametrization 
problems of the theory. To stress the multiplicative redefinition of the wave function: <i>s(a) = 7^^'*^s(a) is used and 
then the Wheeler-DeWitt equation is rewritten in the form: 

^ + [«' - ^ (aee.(a) + aeAo + ae6Gvc(a))]^.(a) = (26) 

127r^ da^ S 

where 

^GVc(a) = ^^(A*"- J(A*')') (27) 
1927r^ a^ 4 

Here the sign ' is a derivative of the parametric function /i(a) = ln^{a) with respect to the scale factor. All 
parametrizational noninvariant effects are collected in the function eGyc(«) which we call the density of energy of 
a gravitational vacuum (a gravitational vacuum condensate (GVC)). As it is easy to see that parametrizational 
noninvariant effects are clearly the quantum ones, cgvc ~ The parametrization noninvariant contributions have 
not a obvious physical meaning since we do not know well their physical nature. These contributions have been 
arisen by reason of nonconservation of the classical symmetry on the quantum level. The experience of the modern 
quantum field theory tells that when a symmetry is broken a vacuum state is also changed. Therefore we called the 
parametrizational noninvariant contributions as the density of a GVC energy. 

However, general symmetric arguments do not have the clear physical connection to the vacuum energy. In this 
situation the examples of QCD are useful. In the quantum theory classical conformal and chiral symmetries do not 
conserve resulting in appearance of a quark-gluon condensate. Probably particular vacuum topological structures 
exist in a gravitation vacuum and they are the consequence of the parametrizational noninvariance of the quantum 
geometrodynamics. 



III. COSMOLOGICAL APPLICATION 



In cosmology this means that properties of the topological microscopic defects of space on average are isotropic and 
homogeneous (isotropisation in the brane gas cosmology is also a natural consequence of the dynamics [2l||). They are 
contained in the function /i(a). We propose that all topological quantum defects with D > 1 have the typical Planck 
size. On this reason breaking up of the defects resulting a change of their number in a variable volume V — a^ (t) 
should take place. The number of defects in this volume can be estimated as: 

Nd - (|f^)^, Ipi = {Gh)y^ = here c = 1. 

According to our estimates we expect that the energy density of the system of topological defects contains a 
constant part corresponding to worm- holes and members of the types 1/a corresponding to a gas of point 

defects, micromembranes and microstrings. Besides, the function eavcio-) must contain additional members describing 
interactions of microdefects between each other. This corresponds to the next choice of the function /i(a): 

/i(a) — colna + cia + —cic? + -030'^, a — const (28) 

Then we have: 
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-(2c3 - iciC2 - ^coca)-^ + (c2 - ^c? - ^cqCz)^ - ^cqCi-^ - (co + '^)^] (29) 



Here as indicated above the last three members can be interpreted as the energy of gravitational interaction of defects 
between each other but their discussion is not the case since the quasi-classical dynamics is correct in the region of 
the large scale factor a. Note also that 3-dimensional topological defects renormalize A-term. Observable value of 
A-term should be: 



^^^°- 768;^^3 (30) 
while the term may be relevant to dark matter(DM). This gives the limitation on parameters of the function 



\ III [2c3(l - ^) - iciC2] = JEM (31) 

where M is a mass in volume . As it is known the Wheeler-DeWitt quantum geometrodynamics is an extrapolation 
of quantum-theoretical concepts on the scale of the Universe as whole. The initial state of the Universe from QGD 
point of view was located in the region of small values of the scale factors in a minisuperspace. From the classical 
point of view the initial state of the Universe is a structureless singular state. Here we must postulate the defect 
creation of the Universe if it has been born from " nothing" . After the creation of defects probably in our Universe the 
stage of quick expansion (inflation) has taken place. In the result defects have been smoothed, stretched and broken 
up. Some defects could have been left and give rise to the A-term and the unclustered DM. Physics of topological 
defects arising during the phase transitionshas has in detail been discussed by T.Kibble[2^. 



IV. CONCLUSION 



We have discussed a possible quantum modification of the minisuperspace Wheeler-DeWitt equation due to operator 
ordering ambiguities and have proposed to interpret it as being due to various topological defects. We have taken into 
account that among parametrizational noninvariant potentials of this equation there are ones which have properties 
suitable to a macroscopic description of a gas of topological defects (worm-holes, micromembranes, microstrings and 
monopoles). Parametrizational noninvariant members arisen from the Wheeler-deWitt theory have not analogies in 
the local quantum theory of field. Their origin are connected with a global quantization. An appropriate degree of 
freedom (a scale factor of the closed Universe) does not satisfy to the asymptotical conditions used in the formalism 
of the local quantum theory of field. And what is more, in the local quantum theory of field this degree of freedom as 
a physical quantum variable is completely absent. Probably in the future theory of quantum gravity the problem of 
topological structures of gravitational vacuum and parametrizational noninvariance of the Wheeler-DeWitt equation 
must be solved together (authors ^23,] even attempted to parametrize the state equation of the dark energy). Also we 
have shown that the quasi-classical corrections ( proportional to ?i^) are completely defined by a superspace metric 
(that is 7(a)). This means that these corrections in the theory of gravity are not entirely determined by physics of 
the 4-dim space-time. In the frame of quantum geometrodynamics a part of the corrections having an influence on 
the evolution of the Universe in 4-dim is determined by physics of a superspace (that means that they come from 
another level of a theory) . If we interpret these corrections as defects then this means that defects appear as a result 
of interaction of universes in this superspace. The development of these ideas may be realized in the frame of tertiary 
quantization. 

Besides, we note that the property of the Lorentz invariance attributed to 4-manifold connects 1-dim time and 
3-dim space. Here 3-dim defects (worm-holes) give a contribution in the Lorentz-invariant A-term. Quantum topo- 
logical defects with D=0,l,2 give the Lorentz-noninvariant contributions in vacuum TEM. Thus, we emphasize that 
topological defects of gravitational vacuum are quantum structures produced ai^the Planck epoch of the Universe 
evolution (the Lorentz invariance at the Planck scale must probably be modified (2^). Besides, the important moment 
is also understanding that the gravitational vacuum condensate has fixed time in our Universe. Topological defects 
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of the gravitational vacuum give rise to the A-term and the unclustered dark matter. Probably these ideas allows us 
to improve our understanding of main components of the Universe. 

Finally we conclude that in the frame of the proposed hypothesis (the defect microstructure of space as a carrier of 
quintessence energy) a set of serious problems arises with no obvious solutions. At first it is the problem of evolution of 
the defects on different stages of the cosmological expansion. It is natural to suggest that in the frame of any scenario 
of the Universe creation from "nothing" the initial density of microdefects had the Planck value. The quick expansion 
of the Universe embryo with characteristic time of the order of the Planck time has led to destruction of a majority 
of microstructures and to transition of their energy density to the energy density of elementary particles. It is not 
excluded that similar processes can lead to some characteristic peculiarities in the spectrum of relict perturbations of 
density. Besides, equations which have been used in this research pretend only on a phenomenological description of 
the energy density of an extremely small amount of the microdefects which have been left after a violent period of 
their relaxation during the Planck epoch of the Universe evolution. In the post-Planck epoches when the characteristic 
time of expansion is much large than the Planck time scale by many orders of magnitudes one may hope that a more 
slow expansion did not lead to additional destruction of the left small amount of microdefects. 

The preliminary version of this article can be found infos'] . Other time we underline that quintessence period of the 
Universe evolution might continue less than one second after it creation. In this period of the Universe evolution a 
vacuum component was changing by jumps during phase transitions. Vacuum condensates of quantum fields carried 
a negative contribution in its initial positive density energy [13]. 

The more general cosmological researches of vacuum and a new cosmological paradigm based on vacuum string 
landscape and eternal infiation in multiverse can be found in the articles poj. 
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